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B pabore paspaboraHa HOBas MaTeMaTH4yecKash MOJENb, OMHCHIBAIONIAS TUHAMUKY
pacrpeneseHus: KIeTOK MUKPOOHOW MOIYJISIIUK ¢ Pa3TUYHBIM YHCIOM KOIUU TUIa3MUJ TIPU
HCIIPCPBIBHOM KYJIBTUBHPOBAHHWU B XCMOCTATC. B HpI/I6JII/DK€HI/II/I CTallMOHApHOTO pOCTa B
HETPEPHIBHON KYJIBType TOJYYEHO, YTO CHIDKCHHE CpEIHEH KOMWHHOCTH B TOIYJISIIHH
OaKkTepuil SBISETCS SKCIOHEHIMAIBHBIM, IPHYEM HEHYJIEBas ‘‘CTOMMOCTBH™ IIJIa3MHJIbI
MPUBOAUT K OOJIbIIEH CKOPOCTH JJIMMHHAIIMK TUTa3MUJ (TOXKE SKCIOHEHIManbHOW). Ha
OCHOBE MOJECIIM IPEIJIOKEHA HOBAasi XapaKTEPUCTUKA IOMYJISALUOHHOM YCTOWYUBOCTH
PEKOMOMHAHTHBIX INTAMMOB MHKPOOPTaHMU3MOB — BpEMs IOy IHMUHAIMH TIa3MHUI,
ompeseNiieMOe BPEMEHEM TeHEpallid, CKOPOCThIO TOTEpPH TUIA3MHJI H CEIIEKTHUBHBIM
kod(durmentom. BriepBbie 00BsicHeH 3(PQEKT CHIKEHHS CEICKTHBHOTO TMPEUMYIIECTBA
6CCHJ'I213MI/II[HBIX KJICTOK IpHU AJIUTCIBbHOM KYJIbTUBUPOBAHHUU pCKOMGHHaHTHOFO mrTamMmMma B
XEeMOCTaTe, CBS3aHHOTO 10 MOJCIH CO CHIDKCHHEM CPEIHEro Yrcia KOMHMHA TUTa3MUIbl B

MHUKPOOHOH MOMmyNIAnuy.

BBEJIEHUE

[Tnazmuasr — aTo Monekynsl JIHK, cymecTByromas u perummuupyomas He3aBUCUMO OT
OaxkTepuadbHOW XPOMOCOMBI, Haxofslascs B KIeTKax-xo3seBax. [lmazMuasl 0OBIYHO
MPEJICTaBISIFOT COOOW OTHOCUTENBHO Heboubiue (1Mo cpaBHEeHUI0 ¢ Xpomocomanbhoil JIHK)
KOJIBIIEBBIC MOJIEKYJIBI C MOJIEKYIIAPHO# Maccoit mopsiaka 100-108 naneron (Summers, 1996).
B 6onsmmaCcTBe cmyuaeB mazmuanas JIHK cocraBnser okosno 0.1% ot momHOTO KOMMYECTBa

kiaerounoil JIHK, mpuyem mnasuabl 4acTo MpeACTaBICHBI B OaKTEpUAIbHOM KJIETKE B
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HECKOJIbKMX Komusax (oT | mjma3Muasl Ha KIETKY /[0 ThICSYM), TaKKe Ha3bIBaeMOU
KONMHHOCTBIO.

B HOpManbHBIX YCIOBUSIX KH3HEACSITEIbHOCTH MHUKPOOPTaHU3MOB IUIa3MUIBI HE
BBITIOJHSIOT KaKWX- JTUOO CYIIECTBEHHBIX (YHKIIMH, 3a4acTyl0 CHHXKAas CKOPOCTh pOCTa
MUKpPOOHO MOMyJSIUU, HO B TO € BpeMs B ClIeUU(DUUECKUX YCIOBUSAX MOTYT 00€CHeuUuTh
KIIETKY PSJIOM TIOJIE3HBIX Ka4eCTB. Y CTAaHOBIIEHO, HAIPUMED, YTO TIA3MHU/IbI, Ha3bIBa€MbIC R-
daktopamu (dakTopamMu YCTOMYMBOCTH), OOYCIIaBIIMBAIOT YCTOWYMBOCTH OaKTEpHil K
aHTUOMOTHKAM, a D-Tuta3Muabl (WK TUIa3MHJIBI OMOAeTpaialiii) KOTUPYIOT psii JepMEHTOB,
o0ecIreunBaroOIMX pacuierieHne TsokenbiX — yriieBogopogoB (Ileaypkun u  ap, 1990;
[lenkynos, 1987; boponun u ap., 1985).

B MHOrounciaeHHBIX SKCIEPUMEHTAIBHBIX HCCIEIOBAHUSIX OBLJIO OOHApYyXKEeHO, YTO
JOBOJBHO  YacTO JIMTENBHOE  KYJIHTHBHUPOBAHHE  IUIA3MUACOJCPKAIIUX  [ITAMMOB
MUKPOOPTraHU3MOB MPHUBOJUT K SJIMMHUHAIIMM PEKOMOMHAHTHBIX KJIETOK M 3aMEHE UX Ha
Oecria3MUIHBIC BapHaHTHl. Takoro poja NOMYIANUOHHAS HEYCTOWYHMBOCTH IITAMMOB
MUKPOOPTaHU3MOB, COJEP)KALIUX PEKOMOMHAHTHBIE IUIa3MUAbI (TUIa3MHIbI, W3MEHHBIE
METOJJaMU T€HHOU WH)XCHEpPHUH), OOYCIIOBJICHA TpPEeMs OCHOBHBIMH TpuunHamu (Benbkos,
1983, Ileuypkun u ap, 1990; Illenkynos, 1987): 1) cerperanuei miaa3muja, Korja 4acTh
KJIETOK TOMYJSIMM YTpadyuBaeT IUIa3MHUABI TpH  JCNeHUH; 2) HECTaOWIbHOCTHIO
TEHETUYECKOM CTPYKTYpPBI IJIa3MUJ, IPU KOTOPOH IIIa3MUJIBI COXPAHSIOTCS B MOMYJISIUHU, HO
B U3MEHEHHOM BHJIC; 3) OTIMYMEM KUHETHYECKHUX XapaKTePUCTHK POCTA MOMYJISINH MITaMMa,
coJlepiKallero akTUBHO (DYHKUIMOHHPYIOIIHUE IJIa3MUJIbI, B CPABHEHHHM C aHAJIOTHYHBIMH Yy
OecIIa3MUTHOTO MITaMMa, THOO0 Y ITaMMa, COACPKAIIET0 U3MEHEHHBIE MJIa3MU/IbL.

Ceepecayuonnas (peniukayuoHHas) HecmaoOulbHOCMb TUIa3MHUJ OOBIYHO OOYyCIIOBJICHA
OTCyTcTBHEM (WJIM HapylIeHHEM) B BEKTOpaX T'€HOB, OTBETCTBEHHBIX 32 AaBTOHOMHYIO
peruKanuio TuiasMug (CHIwKeHne ()PEKTUBHOCTH KOHTPOJISI KOMHMHHOCTH), OTCYTCTBHEM
CUCTEMBI, ClIOCOOCTBYIOIIEH PaCIIEIUICHHIO MYJITUMEPOB B KJIETKE (HAallpuUMep, CUCTEMA cer-
XerD mnasmuasl ColE1l, (Summers, 1998; Summers et al., 1985; Summers & Sherratt,
1984)); oTcyTcTBHME MEXAHM3MOB TOYHOIO pACHPENENICHUS IUIa3MHUAHBIX KOIUH MEXITY
JIOYCPHUMH KJIETKAMU TIPH JIEJICHUU MaTepHHCKONW W paAn Apyrux (Summers, 1996). B
MOJIETISIX OTOT THUIl HECTAaOMIBHOCTH XapaKTepU3YeTCs BEPOSITHOCTHIO 00pa30BaHUS

Oecruia3sMUIHON KIIETKH MpH AEJICHUH IUIa3MUICOepKallero sapuanra z, (Stewart & Levin,

1977).



Hecmabunvnocms  2enemuueckoti cmpykmypol niaazmud oOyCIOBIIEHA CIIOHTaHHBIMU
W3MEHEHUSIMU UX TeHETUYECKON CTPYKTYpPBI, HAPUMEP, TOUCYHBIMU 3aMEHAMU HYKIICOTH/IOB,
JEeNeunusiMU, NYIUTMKAUMAMHU, BCTPOMKaMH [S-3JIEMEHTOB M TPAaHCIO30HOB W T.A. MHorma
[ITAMMBI C U3MEHEHHBIMH TIIA3MHJIaMU UMEIOT CEJIEKTUBHOE TIPEUMYIIECTBO 110 CPABHEHUIO C
UCXOJHBIM BAapUAHTOM, YTO OJHAKO 3aBUCUT OT YCIOBUH pocTa MOMYJSAIUH, THIA
OTpaHMYCHUS MUIIEBBIX MOTPEOHOCTEH, XapaKTepa U3MEHEHHH B CTPYKType IJIa3MUi U JIp.
(Godwin & Slater, 1979; Benbkos, 1983).

Kunemuueckaa  neycmouuusocmv — niazMuoOHwblx — WMAMMO8  MUKDOOP2AHUIMOS
o0yclioBlIeHa  CHIJKEHHEM  YAENbHOM CKOPOCTM pocTa  MOMYJSIHUH, COJEpKallei
PEKOMOMHAHTHBIE TUTa3MHUJBI, TIO CPaBHEHUIO C W30TCHHBIM OECIUIa3MHIHBIM BapHaHTOM
(Zund & Lebek, 1980). HaubGonee BeposiTHOM mnpuunHON dTOro 3ddexra SBIAETCS
OTBJICUCHHE OMOCHHTETUYECKOTO armapara KIeTOK Ha oOecreueHue MiIa3MUIHbIX (QyHKINH,
a1M00 HEmOoCPeCTBEHHOE TOPMOKEHHE CKOPOCTH pPOCTa MPOAYKTaMHU IJIa3MUIHBIX TEHOB.
OOBIYHO 3TOT TUI HECTAOMIFHOCTH XapaKTEPU3YETCs CENEKTUBHBIM KO3 PHUIIMEHTOM (TaKKe
Ha3bIBAEMBIM CEJICKTUBHBIM TIPEHMYIIIECTBOM OECIIa3MHIHBIX KJIETOK, ‘‘CTOMMOCTBIO”
mmasmugel) o =1-p*/u", rae u' W g - yAeObHBIE CKOPOCTH POCTA IUIA3MUAHBIX M
OecrutasmMuHbIX KiIeTok (Stewart & Levin, 1977; Levin & Stewart, 1977; Ileaypkun u np.,
1990; bpunbkoB u ap., 1990). OueBUaHO, YTO MOJOKUTEIbHBIE 3HAYEHUSI ¢ O3HAYAIOT, YTO
1a3MUAbl  00yCIaBIMBAIOT JOIMOJHUTEIbHYI0 METa0O0IMUYeCKyl0 Harpy3ky Ha KIETKYy-
X035/MHA, TaK YTO CKOPOCTh POCTAa IJIA3MUTHOTO IITAMMAa MEHbINE, YeM OECIUIa3MHIHOTO
BapHaHTa. B CeIeKTUBHBIX K€ M TOAJAEPKAHUSA IUIa3MHJ YCJIOBUSAX, CEJICKTUBHBIM
KOA(P(UIIMEHT MOXKET JOCTHraTh OECKOHEYHO OOJNBIINX (HETaTHBHBIX) 3HAYCHUH MpHU
OTCYTCTBUH POCTa OECIIIIa3MHUIHBIX KIeTOK (1~ — 0).

B nmanHOlf paboTe MBI pPAacCMOTPUM OCOOCHHOCTH TOMYJISIMOHHOM JTWHAMHKH
PEeKOMOMHAHTHBIX  IITAMMOB  MHKPOOPTaHHU3MOB,  COJAEpKAIlMX  MHOTOKONHUITHBbIE

CCTrpCralifuOHHO U KUHCTHYCCKU HeCTaOMIIbLHBIE I1a3sMHabI.

®OPMYJHUPOBKA PACHPEJAEJEHHON MOJEJINA

PaccMoTpuM  M3MEHEHHE UYHCICHHOCTH MOA-NOMyISuH (B OOIIEH MOMmyNsuu
MJIa3MHUTHECYIIUX OakTepuii), B KOTOPOM KaXKJas KJIETKAa COACPKHUT TOYHO [ KOIHUU

wiazmMuasl. O003HAUMM 3HAYEHHE TUIOTHOCTH (HAmpUMep, YMCIIO KJIETOK B MII) 3TOH CyO-



NONYJIALIMA B MOMEHT BPEMEHH ! Kak X, (t) B caenyromuii 6ecCKOHEYHO OIM3KUA MOMEHT

BpPEMEHHU { + dt C KIIETKaMH 3TON MOJ-TOMYJILUN MOXKET IPOU30UTH TPU OCHOBHBIX COOBITHS
(cMm. puc. 1). Bo-niepBbix, Oiarogapsi HEeraTUBHOMY KOHTPOJIIO KOMMMHOCTH, YHCIO KOIHH B

KJIETKaX MOJKET BO3PAcTH 10 i+1, 4TO ompenensercss CKOpPOCThIO PEIUIMKALUU IMIasMuL A,

O4YCBUAHO SaBI/ICSIH_[eﬁ OT YHCJIa KOIUi mjiIasMuJbl B MOA-TIOIMYJIAIIHHA. BO-BTOpBIX, KIJIICTKHU

NONYJSAILUA MOTYT MOJEIUTBCA B HHTEPBAI BPEMEHHU (t,t+dt), YTO MOJKET IPUBECTH K
00pa30BaHUI0 OECIUIa3MUIHON KIETKH C BEPOSATHOCTHIO ro() B tperpux, Gnarogaps Tomy,

YTO YacTh KJIETOK CyO-TMOMYJSLMU JEJIUTCS B MHTEPBAI BPEMEHU (t,t+dt), YHUCIIO KOMUt
IJIa3MUJIbl B KJIETKaX CHMIKAETCA 3a CYET Ipoliecca “IeeHHe - CllydalHOe paclpeiesieHHe

IUIa3MUJBL (B CPEHEM) C YICIBHOM CKOPOCTBIO 7,44, (puc. 1).

Puc. 1 roe-to 31ece

Heo0xonumMo mnog4epKHYTh, YTO OIMCAHHBIM MpOIECC HACIENOBAHUSA IUIA3MUJ B
MUKpOOHOH nonyssiuuu (puc. 1) siBasiercss NpUOIMKEHHBIM, T.K. OH HE OIUCBIBAET MOAPOOHO,
KaK [IPOMCXOJUT cerperanus (1 BooOIe-To perukanus) miazmua. Hanpotus, Mbl 3aMeHsieM,
HalmpuMep, TOYHBIM MpOIECcC Ccerperamuy IJIa3MHI Ha TNPUOIMKEHHBIA: CHIDKEHHE (B
CpeIHEM) KONMUHHOCTU IpU CIy4dalHOM paclpeieleHnuu, 4YTO, BIPOYEM, MOXKET ObITh
MPOUMHTEPIIPETUPOBAHO KaK ‘‘pazdaBiieHHe” TUIa3MUJ MPOMOPIUOHATBEHO HMX KOJIUYECTBY

(mostomy 7; =7 -i ). DTUM CBOMCTBOM 00JaaeT U AMHAMHUKA CPEIHUX (HE ITOKA3aHO).

Cymmupyst Bce BBIIIECKa3aHHOE M MHCIIONb3ysd CXEMYy, IPHUBEIECHHYIO Ha puc. |1,
JMCKpeTHasi MaTeMaTH4ecKas MOJIeJIb, ONMCHIBAOLIAsl JTUHAMUKY PEKOMOMHAHTHBIX IITAMMOB
MHUKPOOPTaHU3MOB, COJEpKALIMX HECTAOWJIbHBIE MHOTOKONUHHBIC TIJIa3MHUIbI, TpHU

KYJIbTUBHPOBAHNU B XEMOCTATC ITPUHNUMACT BHU/:

dX, N
dto = (1 ()= D)X, + 7, (S)X, + ZTO(Z),U,-(S)XI.,

i-1
= ()= D)X, = (e (8) AN, o Do (S, + 20X, 1= 120N,
XN+1 =0,
df‘D(S ~S) - Z,uz(S)X



rae X, - KOHIEHTpaLus KJI€TOK MUKPOOPTraHU3MOB € i KOIUSAMU IUIA3MUbI, L, (S )- yaenbHas

CKOpPOCTB POCTa CYO-TOMYJISIIUN MUKPOOPTaHU3MOB C KOMMMUHOCTBIO i, D- yaelibHasi CKOPOCTh

pas0aBieHus Cpelbl B XeMmocTare, S - KOHLEHTpauus cyocrpata B (epmentepe, S -
KOHILIEHTpaLusl cyOcTpara B MUTAIOLIEM pe3epByape, », — SKOHOMUYECKHH KO3((UIUEHT,
A, - CKOPOCTb pEIIMKALUU MJIa3MUJ, 7 - MapaMeTp, ONPeACSIIOUNA CKOPOCTh YMEHbILICHHUS

CPeIHEro 4YHciia KON Ha KIETKY B IOMYJISAIUA MHUKPOOPTaHW3MOB, N - MaKCHMaJbHO

BO3MOXKHOE KOJMYECTBO KOIMMWI TUIa3MHIBI B KIETKE (KOTOPOE B YaCTHOCTU MOXKET OBITH U
OCCKOHEYHBIM).

Cucrema ypaBHeHuidl (1) OuUeBHIHO TPEICTABISIET COOOM PA3HOCTHYIO CXEMY 10
i

MepeMeHHoN “i”, rne wmar paBeH eauuuie. Onpenensis OTHOCUTEIbHYI0 KOIMMHHOCTh Kak

=i/N w npenamonaras, 4T0 M3MEHEHHE OTHOCHTEJBbHOM KONMHHOCTU 3a Bpems df Majo

(dx =1/ N <<1), c mOMOIIBIO MPOCTEHIIICH 3aMEHBI TIEPEMEHHBIX TPUXOIUM K HETIPEPHIBHOU

MOJEIHN:

T (s, )~ DIF(51)+  [fewul )~ 2D (0], @

roe F (x, t) - TUIOTHOCTH KJIETOK C OTHOCHTEJIBHBIM YHCJIOM KOMUH TasMuiabl “x”, u(x,S)-
ylenbHasg CKOpPOCTb pocta mnonyisuuu. JlomonHsiss ypaBHeHue (2) ypaBHEHUEM JUIst
JUMUTHPYIOIIETO POCT CyOcTpaTa, MOJydaeM CHCTEMY HWHTErpalibHO-Au(depeHIInaIbHbIX
ypaBHEHUH, OMUCHIBAIOIINX JAWHAMHUKY YHCIEHHOCTH MHOTOKONMUIHBIX PEKOMOWHAHTHBIX

IU1a3MUJ B IONYJISIUU OaKTepuii:

ﬂv;mmw(x,s)—mm, 0+ [(exu(e,) - Ax)- Fo)

aF;tO”) = (1(0,8) = DYF(0,6)+ 7u(0,8)F (0.1) + [z, (x)u(x. S)F (x.0)dx,  (3)

(v, )F(x.0)
7_D(S S) _[ ()/J ( S) t

TAC YyACIbHAsd CKOPOCTb POCTa IMOMYJIALIMA MHKPOOPTaHHU3MOB ,u(x, S) 3aIIUChIBACTCA B

obmeM ciaydae B BUJE, npeaioxkeHHoM Mono (Monod, 1949):



— Iumax(x).S (4)

S = =
/’l(x’ ) /LIS KA(X)-FS s

rae u,, (x) m K, (x)- MakcuMaibHas yaenbHas cKOPOCTh POCTAa MHUKPOGHOM MOMYIAMH H

KOHCTAHTAa MMOJIYHACBIIICHHU A, KOTOPBIC B O6IJ.[€M CJIydac 3aBUCAT OT YHCJia KO niasMMabl B

KJICTKaX MUKPOOPIraHU3MOB.

BBIBOJI MATEMATHYECKOM MOJIEJIA C IMTO3UIIAN YPABHEHUS
HEITPEPBIBHOCTH

O060011eHHbI BU MaTeMaTHueckoi moaenu (3) B ciaydae MOMYISALUOHHON TUHAMUKH
MHUKPOOPIaHU3MOB, COAEPXKAIIMX HECKOJBKO IJIa3MHJ Pa3HOrO THIA, MOXXHO MOJYYMTb,
UCTIONB3Yysl 3aKOHBI CcOXpaHeHus. J[mg 3Toro paccMOTpuM JWHAMHUKY —TOMYJISLIUAN
MHUKPOOPIaHU3MOB TIpU HENPEPbIBHOM KyJIbTHMBUPOBAHMU B Xemocrtarte. [Ipenmomnaras
IPOCTPAHCTBEHHYI0 TOMOTE€HHOCTh NOMYJSIMM OakTepuil M MHUTAIOMIEr0 HX cyOcTpara,
W3MEHEHUE YHCICHHOCTH MHUKpPOOPTraHu3MOB F u pecypca S MOIUYUHSIETCA CIEAYIONICH
cucreme auddepennuanbubix ypaBHenuit (Herbert et al.,, 1965; Moser, 1958; Novick &
Szilard, 1950; Pirt, 1975):

U _Lu(s)- DI,

-
(5)

9 _ p(s, - 5)- HS)E

dt y

rae ,u(S ) - yZienbHasi CKOpOCTh POCTa MOIMYJISALIMA MUKPOOPTaHU3MOB, D - yAenbHas CKOPOCTh

pa3baBieHHsI cpebl B XeMocTaTe U F - IITOTHOCTh MUKPOOHOH MOMyIALuy.
[lpennonoxum Ttenepp, 4YTO KJIETKM TMOMYJSIMMM paclpenieneHbl M0 KakuM-TH00
IIPU3HAKAM, HallpuMep, BO3pacTy, pa3Mepy WM YUCIy KOIMH HEKOTOpOW Iurasmuisl. Torma

byukuus  F =F ()?,t) TEeNepb HMMEET CMBICI IUIOTHOCTH BEpPOSITHOCTH TakK, 4YTO

0

F(%,¢)dx/ J.F (¥,£)d¥ - ecTp BEPOATHOCTH OOHAPYKEHHS KICTKM C OTHOCHTENBHOM
0

KOIIMHHOCTBIO, PEHAAJIEKAILEN NHTEPBAILY ()‘c’, X+ d)‘c’), IZle X - OTHOCUTEIBHOE COZep KaHue



miazmunaor JIHK B kimetke. B aTom citydae, Tak kak F siBisieTcs (GyHKIMEH KaK MHHUMYM
IBYX TIEPEMEHHBIX, ypaBHEHHE (5) MOJDKHO OBITH MEPENUCAHO B YACTHBIX MPOU3BOIHBIX
(I'anycoB u np., 1999; I'anycoB u bpuibkos, 1999; Jlannay u JIudmmun, 1973; KnumonToBuy,
1982).

Jlns BbIBOAAa MOJEIM B YACTHBIX MPOM3BOAHBIX BBINMUIIEM 3aKOH COXPAHEHHUS YHUCIIA
KJIETOK JUIi HEKOTOpPOH NpOHM3BOJBHOW oOnactu (azoBoro mnpoctpaHctBa dV =d"X
(“dazoBoe mpocTpaHCTBO” B 3TOM KOHTEKCTE O3HAUAET HAJTMYKUE HECKOJBKUX (71) pa3IU4HbIX
MJIa3MHJT ¢ PA3HOW KOMHMHHOCTHIO). YUTEM, YTO KPOME TMOTOKA Yepe3 TPaHUIIbl, BEI3BAHHOTO
U3MEHEHUEM KONMMHOCTU KJIETOK CO BPEMEHEM, CYLIECTBYIOT IPOLIECCHI POXKIEHUSA U
3MMHHALIUU KJIETOK, KOTOPbIE MOKHO paccMaTpuBaTh KaK UCTOYHUKU ,u()?,S) u cToku D,

pacripenienieHHble MO Bceil paccmarpuBaeMoil obsactu V. K MOMEHTy BpeMeHH [ B

paccMmaTpuBaeMoM o0beme (a3oBOro mpocTtpaHcTsa V Oyzaer j Fd"x xnerok. Poxnenue u
vV

SJIMMHUHANUA JAOTCA CICAYIOIUM UHTCTPAJIOM:
t
[ [lu(z,5)- Dla"%ar
ov

Huddepennupys 1o ¢, moigydyaeM 3aKOH COXPAHEHHs TMOJHOTO YWcia OaKTepUaabHBIX

knetok (Jlannay u Jludmmur, 1973):
d - - h—
EJ‘Fd x=J[,u(x,S)—D]d X.

[lepenoc onepaunu nuddepeHunpoBaHms MO 3HAK UHTETpaja JaeT CIEAYIOMINN 3aK0H:

oF

A {(Fv)ds = [[u(z,S)-Dla"%,

Vv

rae v =V(x,t) - CKOpOCThb Mepelaud IUIa3MHJ B MOMYJSALIUM OT BapuaHTa X BapUaHTy

X+d"x. Tlonp3ysce Teopemoit I'aycca- Octporpajackoro (Jlammay w Jlndmun, 1973) u

nepexojis K nuddepeHuanbHoi GopMe, MbI TOTydaeM:



aa—};+ div()_'c'F)= [,u(x,S)—D]F.

BMmecte ¢ ypaBHeHHeM Ha cyOCTpaT B Cilyda€ XEMOCTATHOTO KYJIbTUBUPOBAaHHUSA OOLIast
MaTeMaTH4YeCcKass MOJEINb, OMHCHIBAIONIAS TUHAMHUKY pAcCHpeleeHUus TUIa3MHJ B KIETKax

MHUKPOOPTaHHU3MOB, UMEET CIICTYIOIINA BU/:

aF(gf’t)+div(ch(x,t))= (u(x, 5)- D) F(x,1),

ds ¥ ©)
= D(S-35,) Oj

X
) )d X.
W3 oOmeilt moxenu (6) mpu ONpeAeNCHHBIX MPEINONI0KEHUAX CIeIyeT HempepbIBHAs

Mojienb (3), OMUCHIBAIOIIAs CETPETAMOHHYI0 M KHHETHYECKYI0 HECTAaOMJIbHOCTH IJIa3MUJ

MHUKPOOPTaHU3MOB, JIJIsl 4Yero HEOOXOAMMO 3HAHHUE JIBYX OCHOBHBIX (DYHKIMHA: V = \7()‘5, t) u
U= ,u()“c,S). Torga kak ynenbHas CKOPOCTh POCTa MUKPOOHOW TIOMYJISIITUN AL OTIPEIEISICTCS

YCIOBHSIMH  KYJIbTHBUPOBaHUSI  (CENEKTUBHBIC/HECENIEKTUBHBIE) C  E€CTECTBEHHBIM
no6asienreM QyHKIHHM MOHO Kak 3aBHCUMOCTH CKOPOCTH POCTa MUKPOOHOU MOIYJISAINHA OT
KoHIeHTpanuu cyocrpara (Herbert et al., 1965; Monod, 1942), ckopocTh nepenayu mia3Mug
OT BapuaHTa X K BapuaHTty x+dx (wnm oTr i —i+1) MOJDKHA YYUTBHIBATH YBEIMYCHUE
KONMUWUHOCTU TUIa3MUAbl U3-32 PEIUIMKALMA W CHI)KEHHE KOHLEHTPALUU IJIa3MUIbl U3-3a
noTepu npu jAeneHud kietok (Summers, 1996). Mexanusm ‘“‘neperivkanuu’ IIa3MH]
3aBUCHUT OT OMOJIOTHMU KOHTPOJSI PEIIMKAlMKd KOHKPETHOM IUIa3MUAbl U B OOIIEM cllyyae
onuchBaeTcs (QyHKIUEH Z(x). [ToTepst mna3Mup Mpu JEICHUU B CPEIHEM MPOMOPIIHOHATHHA
YHUCIly IJIa3MUJ Ha KJIETKY M OOpaTHO MNpONOpLUOHAbHA BPEMEHU TeHEepaluu KIETOK
mukpoopranuzMoB (Paulsson et al, 1998). Ompenensis OTHOCHTENIbHYIO KONMMHHOCTH Kak

= z'/ N , THe i - peallbHOE YHUCIIO KOMUH IJIa3MHUJIbl Ha KJIETKY U N- MAKCUMAJIbHO BO3MOKHOE

KOJINYECTBO KOMUI B KIJIETKE, CKOPOCTh MEepeAayn MiaasMHua OT BapuaHTa X K BapuaHTy x+dx

(wm ot i/ N —> i/ N +1/ N ) npuHuMaeT BHU.I:

x=v=Ax)-zu(x,S)x. (7)



TZie 7 - mapameTp, ONMPEIEeISIONNI CKOPOCTh YMEHBIIIEHUS CPEIHETO YHCIia KOTIHA Ha KIIETKY
B TIOITYJISIIIAA MUKPOOPTaHU3MOB.

[MoxcraBnsisi ypaBHeHue (7) B cucremy (6) MOXKHO MOJTYYHTh MAaTEMaTHYECKYIO MOJEIb,
YUUTHIBAIOIIYIO CETPETAIIMOHHYI0 ¥ KHHETHYECKYI HECTaOMIIBHOCTh PEKOMOWHAHTHBIX

LITAMMOB MUKPOOPIaHU3MOB B ClIydae KyJIbTUBUPOBAHUS B XEMOCTATE:

T (e, 5)- DI (e )~ % Fls0Na0) - 2, )]

aF(0,1)
o

,u(x S)F x,t)
—D(S -9)- Oj 9) AT dx

= (1(0,8) — D)F (0,2)+72(0,8)F (0,1) + ]ro (0)ue(x, S)F (x,1)dx— (8)

0

rue 7, (x) - BEpOSITHOCTh 00pa30BaHUs OCCIUTA3MUIHON KJIETKU TP EJEHUHU TUTA3MUTHOM C

KONUHUHOCTBIO X U l'(O)zO Beipaxkenue (8) sBnsercs (uHANBHONH MaTeMaTHUECKON

MOJIEJIBIO, OIMCHIBAIOIIEH MOMYJISITUOHHYO TUHAMUKY TJIA3MHJICOJEPIKALITUX

MHKPOOPIaHU3MOB, COJIEPXKAIIUX CerperaluoHHo (7, # 0) U KMHEeTHYECKHU ( ,u(x, S ) # const )

HecTaOuJIbHbIE TPUPOIHBIE U PEKOMOUHAHTHBIE MIJIa3MU/IbL.

B GonpmmHCTBE ciiydaeB aHAIM3 HEMPEPHIBHBIX MOJENEH MPOBOIUTCS ropasio Mpouie U
Oosee Toro, OoJsiee IJETaHTHO (CM., HAaNpUMEpP, CPABHUTEIBHBIA aHAN3 HEMPEPBIBHBIX U
TUCKpeTHBIX Mojenel, May & Nowak, 1995), moatromy Mozaens (8) mpeamnodTuTenbHa XOTs
OBI ¢ ATOM CTOpPOHBL. Tem He MeHee, MPUOIHKEHNE “HENPEPHIBHON KOMMMIHOCTH MOKET OBIThH
HE COBCEM TOYHBIM, OCOOCHHO ISl IJIa3MUJ ¢ Maoil konuitHocThio (low copy number plas-
mids), ¥ COOTBETCTBEHHO, IPEICKa3aHWs HENMPEPHIBHOW MOJIEIH MOTYT OBITh HE COBCEM
KOppeKTHbIMH. B 3TOM ciydae muckperHas mozaenb (1) momkHa OBITH MCHONB30BaHA IS

OITMCaHus HOHynHHHOHHOfI JUHaAMHKU 6aKTepI/IaJ'II)HI>IX IJIa3MH .

OBIIHI TTOIXO0/T K HCCAENOBAHMIO CBOVMCTB MOMYJISIUOHHOM
TUHAMWKHA MHOTOKOMUMHBIX MHOTOTLIAZMUTHBIX TIA3ZMU/I
MHUKPOOPIT AHU3MOB

MatemaTnyeckass MOACIHb (6) C JIETKOCThI0O MOXKET ObITh 0000IIIeHa 1T MOACITUPOBAHUS

JUHAMUKHA MHOTOIUIa3MUAHBIX (T.€. COAEpXKAIIMX HECKOJIbKO pasiuyHblX TUIa3MUN)



PEKOMOMHAHTHBIX IITAMMOB MHUKPOOPTraHM3MOB U M3y4YEHHS CBSI3aHHBIX C 3TUM HOBBIM
0000111eHuEM CBOMCTB, HalPUMEpP HECOBMECTUMOCTH PA3HBIX IUIA3MHUJT B OJHOU KieTke. J[is
3TOTO HE0O0X0oauMO 2 ocHOBHBIX Immara (I'anycoB u ap., 1999; I'anycoB u bpunskos, 1999).

[lepBoe, 3TO chopMHUPOBATH BEKTOP MOTOKA TUIA3MU/] B TOMYJISALIUU:
R=(q x o o x) ©)

IZle X, - OTHOCUTEbHAsl KOHLEHTpalus miasmMu tina /. Ilog Tumom MokHO MOHMMAKOT JTHO0

pasHble, MO0 CTPYKTYPHO U3MEHEHHBIE TIa3MHIbl. BTOpoe, 3T0 omucaTh B3aWMOOTHOIIICHUS
MEXJy KJaccaMH IIJIa3MUJ, T.€. COBMECTUMOCTH/HECOBMECTHMOCTh, CETPETAlMOHHYIO U

CTPYKTYpPHYIO HECTaOMIIBHOCTh H .

i =fl.(x1,x2,....,xj), i=12,.j (10)

Ucnonb3ys ypaBuenue (10) u OcHOBHOW moaxon (6) MBI OKOHYATEIHHO HAXOIUM

YPaBHCHUE, OMMUCBIBAIOIICC TMHAMHUKY MHOI'OINIa3MHUJHOI'O HITaMMa:

OF & . OF L of,
A S = uRS)-D=-) TH | F
a Z ox; gﬁxi (11)

B 3aBepmiennoit ¢opme ypaBuenue (11) MOMKHO OBITH JOMONHEHO ypaBHEHHWEM Ha
JTUMUTHPYIIUNA pocT cyOctpar. Pemenne cucrembr (11) mpu  pa3nuyHBIX  YCIOBHSX
KyJIIbTUBUPOBAHUS TO3BOJHUT HCCIIENOBAaTh OCOOCHHOCTH TOJJACPXKAHHUS IJIa3MHU] B
MOMYJISILIMA MUKPOOPTaHU3MOB C BO3MOXKHOCTBIO COCYILIECTBOBAHHS (XOTSI BO3MOXHO U HE
JUTUTEITLHOTO) HECKOJIBKUX IJIa3MU/] B OaKTepUATBbHBIX KJIETKAX.

HeoOxonumo, onHaKo, OTMETUTh, YTO U XOTA C(HOPMYJIUPOBAHHBIA MOAXOJ U
OCHOBaHHAasT HAa HEM MaTeMaTH4eckas MOJEeTb TIO3BOJSIOT HCCIEA0BAaTh OCOOCHHOCTH
JUHAMHUKU pPAa3HblX THIA3MUJ C YYETOM HUX HECOBMECTUMOCTH, K HACTOSILEMY BpEMEHU
JOCTaTOYHO  MOAPOOHO  M3yueHa  MOMYJISIMOHHAS  JUHAMHUKA  TUTA3MUJIHECYIIUX
MHUKPOOPTaHU3MOB, COJIEPXKAIIUX TIJIa3MHIBI TOJIBKO OHOTO Tuma (Hampumep, pBR322, R1,

ColE1l, pGLO, RP1-RP4, F), xoTs u 31eCh MHOTHE BOIPOCHI OCTAIOTCSI HEOTBEUYCHHBIMH



(Bremer & Lin-Chao, 1986; Summers, 1996). PykoBoICTBYSICh 3THMH COOOpaXECHUSMU,
JMAIBHEUINUI aHallM3 MaTeMaTU4eckord Mojaenu (8) OyaeT mpoBeleH B MPEANONI0KEHUN, YTO

MCCJICYMBI MUKPOOPTaHU3M COACPIKUT TIIa3MH Ty OJJHOTO Tuma (Hanpumep, pBR322).
HEKOTOPHIE PEHIEHUSI MATEMATUYECKOM MOJEJIA

B »TOll wacTH MBI paccMOTPUM AWHAMHUKY paCHpeleieHUs] KIETOK C pPa3InvyHOU
KOMUHUHOCTBIO B TMOMYJSIIMM  PEKOMOMHAHTHOTO  IITaMMa TPU  HEMPEPHIBHOM
KyJTbTUBUPOBAHUU. [[J1s1 ypoIIeHus: aHaan3a Mbl MCIOJIb3yeM MPUOIMKEHUE, YTO B Havale
KYJIbTUBUPOBAHUS CPETHSST KOMMMHHOCTh Ha KJIIETKY SBIISETCS OYEHb OOJIBIION (3TO HAmpuMep
BO3MOXKHO  JIOCTHYh  XJIOPAQEMUHUKOJIOM WM  MAHMUIYJISIMEH  CKOPOCTH  pOCTa
Ia3MUAHECYIUX  KIeTok (Summers, 1996)), a TeopeTrudyeckoe 3HAYCHHE CpEIHEH
KOIMMMMHOCTUA B HOBBIX YCJIOBUSIX (IIOCJI€ YCTAHOBJICHUS CTAllUOHAPHOTO COCTOSHUS IO YHCITY
KOMUH, KOTOpoe ompenensiercs u3 ypaBHeHus (7) mpu x = 0) sBISETCS JOCTATOYHO MAaJIbIM
(cm., nHampumep, (Lin-Chao & Bremer, 1986)). B »Toli anmpokcuManuu, MBI MOXEM
npeHeOpeub 1ByMs QYHKLUUSAMH T, (x) n ﬁ,(x) B Mozenu (8). Tak kak KOMUIHOCTh B Havaje
KyJIbTUBUPOBAHUS TPEAINONaracTcs AOCTATOYHO OOJBINON, MbI TakXke He Oy/eM YYHUTHIBATH
TUHAMUKY OeCIIa3MHIHBIX KJIeTOK (BTopoe ypaBHenme B (8)). Kak cHsaTHE »THX
OTpaHWYCHUH TMOBIHIET HA OOIIHOCTH HAIIUX BBIBOJAOB MBI OOCYIMM MpH OOCYKICHHH
MOJIYYCHHBIX PE3yIbTaTOB.

Jlis momyueHWs MOAeNd B HauOoliee MPOCTOM QopMe MBI MpeasiaraéM MPOBECTH

CJIEYIOIYIO 3aMEHY MepEeMEHHBIX

VzD/Iumax’ O-ZS/KS’ O-OZSO/KS’ tzt/’lmax’

p=pulx,0)=pp, =o/(l+o)u, , ¥ =F/(Ky,), (12)

1ocje KOTOpo# moxydaem Mojiednsb (8) B 6e3pa3MepHOM BHUJIE:

2P=(uaux—V)‘P+f-§c(x-uaux ), o
d ! ¥
“o=vlo-ol-u, I p(x)”;dx.



Tak xak momnas mojens (13) B olOmem ciydae HE HHTETpUpPYEMa, Mbl IOIYyYHM
HECKOIBKO AaHANMTHYCCKHX pemennit P(x,7) B npuOMMKEHMH pOCTA MONMYNALMH B
xemocTtare (TypOua0oCcTaTe Wik NepUOIMKe) B COCTOSHUM, OM3KOMY K craroHapHomy. [lpu

9TOM f/, HE 3aBUCUT OT KOHLEHTpaluu cyocrpara, i~V u cucrema (13) cBoaurcs k

CIEAYIOLIEH:

1723

E=T'§(X'ﬂgﬂx'q’) "
d : ¥
70 =v(o, - 0)-u, [plx)—dx

t 0 y

[Tockonbky 7 << 1, NEpeMEHHYI0 O MOKHO 3aMEHMTH €€ CTallMOHAPHBIM 3HAUEHUEM O ,

u Torja cuctema (14) cBoguTcst K oqHOMY ypaBHEHHUIO st V' :

oY o

o= en ), (15)
at x

rje, He HUCKIouas OOLIHOCTH, Mbl Honoxunu 4, =1. Pemenue ypaBHeHus (15) mbl
TPOBEJIEM JUTS IBYX THIIOB 3aBUCHMOCTH L, (x) - HY/IEBOro M IMHEHHOTO MPHOIHMKEHHIA.

1. HyaeBoe npudauskenue. Ilycte x4 =1, 1 HadanbHOE paclpelesieHUe IIa3sMHU] 110

KJIETKaM 3aJIJaHO B BUJIE€ BOJTHOBOI'O IMAKETa C MaJIOW TUCTIEPCUEN a:
(x-1)?
¥(x,0)=0(1- x)exp(— vt (16)

rmue H(x)- dbyakuus XeBucana:

0, x<0

1, x>0

0(x) = {

IIpu p, =1 HeTpynHO NPOBEPUTh, UTO YACTHOE pelleHUe ypaBHeHHs (15),

YIIOBJIETBOPSIIONIEE HaYaIbHOMY pactipezenenuro (16), umeer Bua:



LP()c,t)=0(l—xe”)-exp ﬂ_(xe’;z—l) (17)

Boipaxkenue (17) onucelBaeT CHM)KEHUE KOHILIEHTpALUMM IJIA3MUJHECYIIUX KIETOK C
TEUCHHUEM BpeMeHI/I1 (puc. 2). ducnepcus pacnpeneiceHus NpH TaKoW JHMHAMHKE, KaK 3TO
BUJHO U3 puC. 2, ymeHblaercsi. CKOpPOCTh K€ AIMMMHALMM IJa3MUJHECYIIUX KIIETOK

COBIAJIa€T CO CKOPOCTBHIO CHIXKEHUS CPEJHEH KOMUWHOCTH B MOMYJSIUU MUKPOOPTaHU3MOB,

1

1
KOTOpO€ B OOILIEM CIIydae HaeTcs OTHOLIEHHEM J.x‘l’(x,t)dx / J.‘P(x,t)dx. Jus curyanum,
0 0

KOT'JIa CKOPOCTh POCTa IIa3MUICOACPKAIIUX KIETOK HE 3aBHCHUT OT YHCIA KOMUN TUIa3MHJIbI
Ha KJIETKY (pernieHue aaHo BeIpaxkeHueM (17)), CHMIKEHUE CPEHEro Yucia KOMHUM SBIISETCS

OKCIIOHCHIIUAJIbHBIM GXp(— TDt) U HE 3aBHCHUMBIM OT HAYaJIbHOTI'O YHMCJIa KOMU I1asMHMAbI B

KJIETKaX OaKTepHid.
Puc 2 rne-To 31€ech

AHanmm3 3KCrepuMeHTalbHBIX MaHHbIX Jones et al. (Jones et al., 1980) u Brownlie et al
(Brownlie et al., 1990), n3o0paxkeHHbIX Ha pHC. 3 NEMOHCTPUPYET KOPPEKTHOCTH ITOTO
pe3ynbrata. B CBOMX SKCHEpUMEHTaxX aBTOPBI MPOCISKUBAIH AMHAMUKY TUIa3MHTHECYIIX
OakTepuii TIPU PA3TUYHBIX YCIOBUSAX KyJIbTUBUPOBaHUA. [lpu TIIATEThHOM aHANIM3E ITUX
JAHHBIX MBI OOHAPYKHJIM, YTO XOTS AaBTOPBl W WCIIOJB30BAIH PA3JIMYHBIC YCIOBHUS
KyJIbTUBUPOBAHUS M Pa3HbIC IUIA3MUABI, JUHAMUKA CPEIHEr0 4YKclia KOMUI Ha KIETKY B
MOMyJsAUA ~ OaKkTepuid  sBISJIACh OJIM3KOW K  AKCIOHEHIIMAIBHOM  (PErpecCHOHHBIN
kodpdunuent r >0.9), kak 3T0 U mpeackaspiBaercs permenueM (17) (3a UCKIOUECHUEM
HAYaJbHBIX TOYEK, IJI€ MBI MTOJIaraéM BO3MOJXKHBIN JIar IEPUOJ MIPU MHOKYIISAIUA MUKPOOHOM

KyJIbTYpBl B cBEeXYIO cpeny (Davis et al., 1990)).

Puc 3 rne-To 31ech

! Heo6X01MMO HATTOMHHTB, YTO 3TO NPHOIIKEHHE paboTAET, MOKA KOMMHHOCTh HE yITaa 0 IPeaeIbHO MaTbIX
3Ha4yeHu# (Hanpumep, 20% OT UCXOTHON KOHIICHTPALINH).



0O6e mnasmuasl pBR322 u pATIS53 sBIsuMCH cerperallioHHO HECTAOWJIBLHBIMHU TIPU
HENPEePHIBHOM KYJIbTUBUPOBAHUHM B XeMocTaTe, 0ojiee TOro, COOTBETCTBYIOIIHNE CKOPOCTH
noTepu IUIa3Mujl (Y4TO OTpakeHO B obOmier mozenmu (8) m B yactHOM pemeHun (17)
napaMeTpoM 7 ) ObuTH orleHeHbI Kak 7 ~ 0.03 u 7 ~ 0.09 Ha reHepario COOTBETCTBEHHO IS
pBR322 u pATI153. OueBuano, uto pasneie wiazmMuasl (pBR322 u pAT153) camxkato cBoro
KOIMMMHOCTh C pa3HoM CkopocThio. CylecTBeHHO, oaHako, urto Ae oreHku (0.03 u 0.09)
SIBJITFOTCSI TOPA3/I0 MEHBIIMMH, YeM MPEe/ICKa3bIBACTCsl MPOCTON MOJENbI0, pa3paboTaHHON
Paulsson et al. (Paulsson et al., 1998), rne 7 =1. JIlpyruM HHTEpeCHbIM HaOIIOJCHUEM
ABJISIETCS TO, 4yTO pemieHue (17) omuchiBaeT TUHAMHUKY CHM)KEHMSI YHMClia KON Jlaxe MpHu
manoii komwuitHoctH (~10-20%), rme, crporo roBops, pemienue (17) He MOXeT OBITh
MPUMEHEHO.

2. JInneiinoe npudau:kenune. M3BecTHO, UTO SKCIIpecCcHs KIIOHUPOBAHHBIX B IUIA3MMIAX
TeHOB BJIMSET HA MaKCUMAJIbHYIO YJIEIbHYIO CKOPOCTh POCTa MOMYJSLUHU, COAEpKaLIeH 3TH
redsl (Aiba et al., 1982; Chiang & Bremer, 1988; Dunn et al., 1995; Fleming & Patching,
1994; Lee & Edlin, 1985; Lin-Chao & Bremer, 1986; Nguyen et al., 1989; Summers, 1996;
Uhlin & Nordstrom, 1977; Walmsley et al., 1983; Zund & Lebek, 1980). Xots u To4HBII
MEXaHHU3M 3TOrO SIBJICHHS MOKa HE BBIACHEH JI0 KOHIA, U BEPOSITHO SIBJISETCS YHUKAJIbHBIM
JUIST  KaXJOW TIa3Mubl, B MaTematudecko wmonenu (8) 3Ty (PeMEeHOIOrHYecKyro

3aBHCHUMOCTbH MOXXHO BBIPA3UTh CIEAYIOIIMM 00pazoM:

Iumax(g) 'S
TKovs 18)

1= pu(x,S,e)=
rae & 3(pQeKTHBHOCTh AKCHPECCHH IUIa3MHIHBIX T'eHOB. [Ipu ycioBwH, 4TO 3arparhl Ha
OKCIPECCUI0 TUTa3MUJHBIX TE€HOB MHOTO MEHBIIE 3arpaT Ha pOCT W MOJJCpKaHUE
)usHeaesTenbHoctu Oaktepuit (Chiang & Bremer, 1988; Engberg ef al., 1975; Smith &
Bidochka, 1998; Zund & Lebek, 1980), u u3 npennoioxxeHuss 0 HE3aBUCUMOW KCIPECCUU

Pa3IUYHBIX KOMUU B KJIETKE OaKTepUu CleayeT:

Y7, S £
A )ty ) S LS 1 - Bxl. 19
ﬂmax KS+S |: :| lug [ lB]- ( )

max




rac nmapameT XapaKTCPU3y€CeT BIHUAHUC O CKTUBHOCTH JKCIPCCCHUHU KIIOHHUPOBAHHBIX B
Y

IUIa3MUIaX T€HOB Ha YAEIbHYIO CKOPOCTh pOCTa MOMYJALUUA PEKOMOMHAHTHOIO IITaMMa U

E . - YDDEKTUBHOCTh HKCHPECCHH IUIA3MUAHBIX T€HOB MPH MAKCHMAJIbHOM KOMMWHOCTU B

max
KJIETKaxX MOy X = 1.

3amMeTuM, 4TO TIPH BEIOOPE CKOPOCTU POCTA MO B BUne 4(x) =1— fx MBI HESIBHO
mpeanoiiaraéM, 4To JUHAMHYECKas 3aMeHa KJIETOK C BBICOKOW KOMUWHOCTBHIO (x ~1) Ha
[ITAMM C MaJIOl KOMHMHOCTBIO (X < 1) KaueCTBEHHO HE MEHSET CTAllMOHAPHOE COCTOSIHHE B
HETPEPHIBHON KYJIbTYpe. XOTs 3TO NMPHOIMKEHHE MOXKET OBITh BEPHBIM IPU OYCHb MaJIbIX [,
0oJiee KOPPEKTHO UCIOJIB30BaTh L(X) = (1 - ﬂx)/ (1 - ,[)’). [Ipu TakoM BBIOOpPE CKOPOCTH POCTA,
CEJICKTHBHOE MPEUMYIIECTBO OECIUTa3MUIHBIX KIETOK ¢ BBIPAXAaeTCs TAKUM Ke 00pa3oM, Kak

U B IIpEABIAYLIEM CIIydae, T.e€. a(x) = fx. Pemenune ypaBuenus (15) Toraa HaxoauTcs B BUJE:

1_
Y(x,t) =¥, P exp T+ﬂt—[l+2jLn 1+ B exp % ~1]|%(20)
’Z' —

3ametuM, uyto B mpenene f—> 0 pemenue (20) coBmamaer ¢ (17). dunammka
pactipenenenus (20) m3o0pakeHa Ha puC. 2, U3 KOTOPOTO BHJIHO, YTO Ja)K€ HACTOJIBKO
VIIPOIIIEHHAs] MOJENb MPEACKAa3bIBaeT OOJBIIYI0 CKOPOCTh STUMHUHAIMK IUIA3MUJ TPU UX
BBICOKOH “‘cTommoctn” (Oonbmue f3), 4TO, BOpPOYEM, JOCTATOYHO TPUBHAIBHO. OTMETUM
TaK)Ke, YTO TUIOTHOCThH MOMYISALUYA PEKOMOMHAHTHOTO IITAMMa TaK)X€ MEHBIIE ISl TIa3MuJ]
C BBICOKOH /3, 9TO OYEBHHO CBS3aHO C SHEPTETUICCKUMH 3aTpaTaMu KJIETKH Ha PETUTUKAIIUIO

Y MOJJEpKaHUE TUIA3MHU/I.

Puc. 4 roe-to 31ece

Pemenune (20) Taxke moapazymeBaeT, YTO B MOSBICHHE MaJIOKOMHMHBIX BapHAHTOB B
M3HAYaJIbHO TOMOTEHHOW (BBICOKOKOIMIMHOW) TJIA3MHICOAEPIKAIE MUKPOOHOH MOMYJISIIUN
BOBJICYCHBI [[BA OCHOBHBIX IIpolecca. Bo-nepBbIX, IUIasMuAbl TEPSAIOTCS IPU UX HEPABHOU

cerperanuu (WM, eciii 3To 6osee yao0Ho, yepes “pazdaBiieHne” MIa3MHJ), YTO ONMUCHIBACTCS



napameTpoM 7 u gaaHo pemenueM (17). Ilpu mansix f Mbl 03kH1a€M, YTO CKOPOCTh CHUKEHUS
CpeaHel KOMMIHOCTH OyAeT mopsaka 7, (puc. 4, perpeccust KpuBoit 1), Torna Kak yBeianueHUe
[ IOMKHO BECTH K HENPONOPIHOHAIHHOMY YBEIWYEHHIO CKOPOCTHU CHIDKEHUS CpelHeil
KOMUHUHOCTHU TUIa3MHJIBI B TIOMYJISIIIMA MUKPOOPTaHU3MOB (Ha puc. 4 - B JBa pa3a, perpeccus
kpuBoii 2). Takum o00pa3om, MOAENIb MPEACKA3bIBACT, YTO IOBBLIINICHHE SHEPIETHUYCCKOM
CTOMMOCTH TJIa3MUIbI, XapaKTepu3yeMoi napamerpoM S (W @ = fx npu x = const ), BeAeT
K CHWXEHHIO OOmIed CTaOMJIbHOCTH IUIa3MHUJIHECYIINX KIJIETOK MHUKPOOPTraHW3MOB IpHU

HEIPEPBIBHOM KYJIbTUBUPOBAHUU.
BPEMA ITOJIYJIMMHUHALIUUA ITVIASMU/L B XEMOCTATE.

Hcnonp3ys MaTeMaTHUECKYIO MOJIEND (§), MBI MOXKEM OINPEAEIUTH XapaKTEPHOE BpEMS, B
TEYEHUE KOTOPOro MOJHOE YMCIO IMIa3MHUA B MOMYJSALUUM IUIa3MHUICOAEPKAIIEro ITaMMa
CHHM3UTCS BIBOE (WJIM TaK Ha3bIBaeMoOe, BpeMs NOJy IuMHHauuu minasmua (I'anycoB u np,
1999; I'anycoB u bpunbkos, 1999)). DTo BpeMst HAXOAUTCS U3 CIAEAYIOMIEH TEOPEMBI.

Teopema. Bpems nomysnuMuHanMu OakTepUANIbHBIX IJIA3MHUJ B XEMOCTAaTe€ HE 3aBHCUT
0T MAaKCHUMAaJbHOIO YHCJIA KOMMUH IUIa3MUIbl B KIJIETKE, a YJOBJIETBOPSET CIEAYIOILEMY

HEPABEHCTBY:

—£ <1, <&, 1)
T+amax T

rae gzln(Z)/ D - BpeMms reHepanuu B XE€MOCTaTe€ CO CKOPOCTBIO IpoTtoka D u o, -
MaKCHMaJIbHOE 3HAYEHHUE CETICKTUBHOTO KO3 PUIneHTa a(x) =1-u(x,S)/ ,u(O, S )

,ZZOKGS‘ameJleWlGO. ITonHOE KONMMYECTBO I1asMu/J B IMOMMYJIALIUH ONPEACTIACTCA KaK:

L(r)= 1 X (x, )dx (22)

0

" YAOBJICTBOPACT CIICAYIOLIEMY YPABHCHUIO!



1
CZ =—v-L+(-7) Ix,u(x, o )Wdx (23)
0

1. 7,,, < £, Jlyi n1oka3aTenbCcTBa 3TON0 HEPABEHCTBA MBI MPEAIIONIONKHUM, UTO CKOPOCTh

T

pocTa IIa3sMHUACOACPKAIMUX KIETOK HE 3aBUCUT OT KONMHHOCTH ITHX KIETOK, T.e. o =0.
CranuoHapHOEe COCTOSIHME B XEMOCTaTe B 3TOM MNPHUOIMKEHUM OylneT AOCTUTHYTO C
SKCIOHEHIUATBLHOM CKOPOCTBIO e " 3a HECKONbKO reHepanuit. [lo ompemencHuio B

CTAllTMUOHAPHOM COCTOSIHUH B XCMOCTATC JOJI?KHBI BBIITOJIHATHCA CICAYIOIUC YCIIOBUA (Herbert

et al., 1965; Moser, 1958):

/u(x’ E) RV, (24)
do/dt =0.

U3 Yero CIeAyeT BEpXHssA OLeHKa 1), = £
T

2. T,), ZL. I[Ipu a #0 ™Mbl HAXOIUM CHEAyIOllee YpaBHEHHE IJisi TUHAMUKHU
T+

OJIHOT'O YMCJIa KOIINA:

Cj{—i = —vL +(1-7)u(0, G)Jx‘{’(x, N1 - a(x))x (25)

B mpouecce snuMuHAIMKM JIa3MHJICOAEPKALIET0 IITaMMa MHKPOOPTaHM3MOB BEPHO

HEPaBEHCTBO ,u(O,O') > Vv, CIE0BATEIbHO, IIPOU3BOAHAS L(t) SBJISIETCS] OTPAHUYECHHOM !

1
Cj{—i <-tvL-v J.a(x)x‘l’(x,t x<tovl-va,, L (26)
0

YTO U JIOKa3bIBACT BTOPYIO YaCcTh HEpaBeHCTBA (21).

Puc. 5 rne-to 31ece



N3 nepaBencTBa (21) cimemyeT, 4TO BpeMs MOJYIIMMHUHAIMU TUIA3MHUJ U3 MUKPOOHOU
[nomyJjisiui B CTAOUMOHApPHOM COCTOSAHUM B XCEMOCTATC OIMNPCACIIACTCA TpPEMA OCHOBHBIMU
napaMeTpaMM IUIa3MHJICOAEPXKALIEro MITaMMa: BpEeMEHEM TreHepanuu (KOoTopoe B o0iiemM
cllydae 3aJaeTcsi CKOPOCTBhIO TIPOTOKA), CKOPOCTHIO TMOTEpH IUIA3MHUJI TPH JACICHUH,
XapaKTepu3yeMol MapaMeTpoM 7, U CEJIEKTHUBHBIM MPEUMYILECTBOM OECIIa3MHUIHBIX KIETOK
(TouHee, €ro MakKCUMaJbHBIM 3HaueHuem). Tor ¢akr, uyro mnpu a=0 Bpems
MMOJIYSJIMMUHAIIUU HE 3aBUCUT OT MAKCUMANbHO2O YUCIA KOIIUH I1asMuabl B KIICTKC,
MPOJAEMOHCTPUPOBAH Ha pHUC. 5.

TakuM 00pa3oM, eciau H3BECTHBI IMapamMeTp 7, CpPEelHee BpeMs TEHEpaluH KIETOK

MUKPOOPTraHM3MOB ¢ U MAaKCHUMallbHOE 3Hau€HUE CEJIEKTUBHOTO Koddduimenra o TO C

max ?
MOMOIIBIO BbIpakeHUs1 (21) MOXKHO OLIEHUTHh XapaKTEpPHYIO JUINTEIBHOCTH IPOLECCOB
(epMeHTaLMM IITAMMOB CBEPX-NPOJIYLEHTOB /IO TONO MOMEHTa BPEMEHH, Korua
IPOAYKTUBHOCTh PEKOMOMHAHTHOTO INTaMMa CHH3MTCA H3-3a [OTEpH IUIa3MHI C
KJIIOHUPOBAaHHBIMA B HHUX TI€HaMH HpUMEpHO BaBoe. C D5TOM TOYKH 3PEHHs, BpEMs
noiay iuMuHanuu  (21) MOXET CHOyKUTh BaXHOM XapaKTepUCTUKON MOIMYJISIMOHHON

YCTOMYHMBOCTH T€HHOMH)KEHEPHBIX IITAMMOB-TIPO/IYLIEHTOB.
CTAIIMOHAPHBIE PEHIEHMUSI.

CranuoHapHbIe pacnpenesieHuss MOKHO TIOJyduTh U3 MaTeMaTudeckoi moaenu (13) mpu

{ — 00, KOTJja IPOU3BOHbIE 110 BPEMEHU PABHBI HYJIIO, WJIN:

7

[, 12, —V‘PHE( 1, P)=0,

- @7
vie,-&)-u, e Z v =0.
y

0

HecenekTHBHBIE yciaoBus. B HeceneKTHMBHBIX A noaACpIKaHuA IJIasMUJ YCIOBHUAX

yZlelbHas CKOPOCTh POCTa MUKPOOHOU TOMYJISALUK YAOBIETBOPSET yCaoButo Og/dx < 0. Ipu
4. =1 cTanmoHapHoe pacrmpezaeneHrue 0aKTepUATbHBIX KIETOK C PA3IUYHBIM YHCIOM KOTHH

niasMuMabl UMCCT BU:



P(x) ~ Cexp h’"(“ﬂ-l) : (28)
T |4

rac C - HOPMHPOBOYHAA KOHCTAHTA, KOTOpass HAXOAUTCA M3 YCJIOBHA CTAIMOHAPHOCTH JIA

BTOPOT'0 YPaBHEHUsI cUCTEMBI (27):
[Pr)dx =¥ [5]=0, -7, (29)
0

rae W, - cranmoHapHOe 3HAYCHHUE TMOJIHOW GHOMacchl KiIeToK. HeTpyaHo mpoBepuTh, 9TO B

HCCCJIICKTUBHBIX IJId MNOAACPKaHUA TUIa3MHJ] YCJIOBHAX HOPMUPOBAHHOC CTAUOHAPHOC

pacrpeneneHue KIETOK ¢ Pa3InYHON KOMMMHHOCTBIO ONPEIEIIIeTCS:

N
lP(x,l)—Llng —m —\P25(X), (30)

rae Ax)- nenpra- Qynkuus Jupaka. M3 Beipaxkenus (30) ciemyeT, 4TO HEMPEPHIBHOTO
CTallMOHAPHOTO pacIpeleicHUs] B HECEJICKTHBHBIX YCIOBHSX HE CYIIECTBYET, T.€. B ATOM
cllyyae MpH ¢ — o0 B XEMOCTATe CYIIECTBYIOT TOJIBKO OECIUIa3MUIHbIE KIETKH.
CelleKTHBHBIE YCI0BHS. B CENEKTUBHBIX [UIsl TOJACPKAHUS TIUIA3MHUJ[ YCIOBHUSX,
Harpumep, IPU UHTHOMPOBAHUHU POCTA OaKTEpUil aHTUOMOTHKAMHE, YCTOMYMBOCTh K KOTOPBIM
y O6akTepuil JeTepMUHUPYETCS TUIa3MHUIHBIMU T€HAMU, MOXKHO MPEATOI0KUTh, YTO yAeIbHAs
CKOpPOCTh pOCTa MOMYISIUU MPSIMO IMPOMOPIMOHANIBHA KOJMYECTBY KOMHUM IUIa3MHIBI B

KJIETKaxX 3TOM Nomynsuuu. B 2ToM cilydae MOXHO MOJNOXKHUTb, 4To 4 = Kx, rae K -

KOd(DPUIMEHT MPOMOPIUOHATBLHOCTH, CBSI3aHHBIA OIMpPEACIICHHBIM 00pa30M C KOHCTaHTOM
uHruoupoBanus. KoHeuHoe cTallMOHApHOE paclpenesieHue KIETOK B MOMYJAnuu OakTepuit
10 KOIUSM IUIa3MUJIbI TIPU KYJITHBHPOBAHUU B XEMOCTATE BBIPAYKAETCS TOT/IA CICAYIOIIAM

obpa3zom:
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Y(x) =

r(1+1j. w, K\ kT 31)
T 1%

rae T(1+1/7) - ramma-dyrxuus Ditnepa.
Puc. 6 rne-to 31ece

CranunonapHoe pacnpenenenue (31) npencrasuser co60l HECUMMETPUUHYIO KPUBYIO, U
JUIS pa3HbIX 3HauUeHMH napamerpa K n3odpaxeHo Ha puc. 6 (cp. ¢ Bailey et al., 1983; Lobner-
Olesen, 1999; Srienc et al., 1986; Tseng et al., 1997). Od4eBugHO, YTO CYIIECTBYET
KPUTHUYECKOE 3HAUeHUE KOMUHHOCTH, HE O00eCleYrBaIollee BHDKMBAHUS MAIOKOTHITHBIX
KJIETOK B CEJCKTUBHBIX YycioBHsAX (puc. 6). Bwipaxenue (31) BximrouaeT B cebs u
BO3MOXKHOCTh MHOTOKPATHOTO YBETUYCHHUS CPEAHETO YMCiIa KOMHMH IUIa3MHIBI B KIIETKE B
CEJIEKTUBHBIX YCIOBHSX (aMIUTH(HUKAIINN) TIPU COOTBETCTBYIONIMX 3HAYCHUSIX IMMOCTOSTHHOU K,

BEJIMYMHA KOTOPOH XapaKTEPU3yeT YPOBEHb CEIEKTUBHOIO JIABJICHMUS.

CHUMKEHUE CEJEKTUBHOI'O IPEUMYIIECTBA BECIIJIASMUW/IHBIX
KJIETOK.

MoJeKyIIpHBIM TEHETHKaM XOPOIIO HW3BECTCH ASKCIEPUMEHTATIBHBIN (aKT CHIDKCHHS
CCJICKTUBHOI'O NPCUMYIICCTBA 6€CHH8.3MI/II[HBIX BapHUaHTOB peKOM6I/IHaHTHOFO mTamMmMma Ipu
JUTUTEIIPHOM KYJIhTUBUPOBAHWU B HECEICKTHMBHBIX YCIOBHSAX B xeMoctarte (Brownlie et al.,
1990; Jones et al., 1980; ITeuypkun u ap., 1990; bpunskoB u ap., 1990). Paccmotpum sTOT
s dext monmoapodbHee Ha maHHBIX (Jones et al., 1980). B aToit paboTe aBTOpPBI OOHAPYKUIH
BBICOKYIO CKOPOCTh SIUMHUHAINKM TUTA3MUACOACPKAIMIMX KIETOK W3 XEeMOCTara, eciu
HavajbHas KyapTypa conaepxkana manoe (0.01%) uucno 6ecrimazMugHbIX KIETOK (CM. puc. 7,

KpuBas 1).

Puc. 7 rue-to 31ech
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CkopocTh ANIMMHUHALMK TUIA3MHJICOJAEPXKAILEr0 IITamMMa Oblla CHMJKEHA, €CIH
HAuYaIbHBI WHOKYJIAT HE COJAepKayl OecIIa3sMHIHBIX BapuaHTOB (puc. 7, KpuBas 2a). B
MPOTUBOMOJIOKHOCTh TaKOMY TOBEIEHHIO, CTaHJapTHas MaTeMaTH4ecKas MoJieb,
paszpabortannas JleBunsiM u Crroaprom (Stewart & Levin, 1977) mist onucanusi JTUHAMHKA
IUIa3MUACOACPKAIIUX MUKPOOPIaHU3MOB, IIPEJICKAa3bIBAET HEU3MEHHYIO CKOPOCTh CHUKECHHUS
quciIa MIa3MUIHECYIINX KIeToK (puc. 7, kpuas 20). OueBUAHO, UTO 3TO CBA3aHO C (aKTOM,
yto Monenb JleBuHa-CTioapTa ONUCHIBAET AMHAMHMKY TOJBKO JBYX THIIOB KJIETOK:
OecIIa3MUIHBIX M KIIETOK ¢ MAKCHMAaTIbHBIM YHUCIIOM KOMUH IJIA3MUJBI, YTO aBTOMATUYECKH
npeanoyiaraeT HjaealbHbI KOHTPOJb KOMMMHOCTH IIJIa3MHUJ, KOTOPBI MIHOBEHHO U
HEOOBIUafHO TOYHO KOPPEKTHPYET OTKIOHCHHs YHCIIa KOMHH B KIETKE OT HEKOTOPOTO
3aJaHHOrO cpenHero. B peanbHOCTH, OJHAKO, KOHTPOJb KONMMMHOCTU HE SBJISETCS
UAcalbHBIM Jake B CIydae OKCIOHCHIIMATLHOTO MEXaHW3Ma WHTHOWPOBAaHUA, a,
CIIEIOBATENbHO, OUONO2UYECKU KOPPeKmHAas MOJENb JOJKHA YYUTBIBATH pacnpeoeieHue
KOMUH TU1a3Mubl B KieTkax mukpoopranm3mMoB (Paulsson & Ehrenberg, 1998; Summers,
1996; bpona, 1982). 'maBHOe otnuuue pacnpeneneHHor moaenu (1) u (8), yuuTheiBaromen
“pa3HOKONMUUHOCTD” TJIA3MHUJIHBIX LITAMMOB, OT Mojenu JleBuna-CTioapTta COCTOUT B TOM,
YTO HapaMeTpbl PeKOMOMHAHTHOIO IITaMMa B pacHpelelIeHHONM MOJENd, Kak, Harpumep,
CKOPOCTh pPOCTa TMOMYJSIUU M BEPOATHOCTh OOpa30BaHUS OECIUIa3MHUIHON KIETKU MpHU
JIEJICHNH, Tereph 3aBUCAT OT YHUCJIa KONUH IMa3MUIbl Ha KIETKY, W, CII€JJOBATEIbHO, HE
SIBJIIIOTCSI IOCTOSIHHBIMM ITapaMeTpaMu Kak B cocpenoToueHHol (JleBuna-Crroapra) Moaenu
(uckiroyas ciryvai, Korja KOMMHHOCTD SIBJSICTCS TIOCTOSIHHOW BEJTMYMHOM, YTO MPAKTUUYECKH
HenpocTmkumo (Paulsson & Ehrenberg, 1998)).

B peanpHOCTH, 0IHAKO, KOMMIHHOCTh OMPEACICHHON KJIETKH (BIpPOYEM, KaK W CPEIHEe
YUCII0O KONMUU IJIa3MUAbl B TMOMYJSIHA MHUKPOOPTaHU3MOB) IIOCTOSIHHO IOJBEpPKEHA
CIIOHTAHHBIM  HM3MEHEHHUSM, OOYCIOBIECHHBIM HETOYHOCTBIO KOHTPOJII  KOMMMHOCTH
PEIUTHKAINK TUTa3MUJ, CIyYalHOCTBIO Cerperanuu MiasMui Ipyu JCTICHUH U PSAOM JIPYTHX
(bakTOpoOB, KOTOPbIE OUEBUHO 3aBUCAT OT YCJIOBUN KylbTHBHUpoBaHus. Hampumep, nmepeHoc
pactymmx Oaktepuit u3 oxHoil cpeas! (LB) B npyryto (MunumansHas DM wnun M9), gacto
CBSI3aH C PAIOM META0OJNYECKUX MEPECTPOEK, BEAYIINX B YACTHOCTU K U3MEHEHUIO CPETHUX
pa3MepoB KIETOK U CPEAHEH KOMMWHOCTU B MOMNYJSLMM IUIA3MUACOJEPKAIIUX IITAMMOB
(ITeaypxun, 1978; Ileaypkun u ap., 1990; [e6adoB u Jludmmum, 1988; Brendel & Perelson,
1993; Churchward et al., 1982; Davis et al., 1990; Lee & Bailey, 2000; Lin-Chao & Bremer,
1986).
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Ecnu MBI mipeanonoxkum, 4To cpelHee 4uciio Komui miasMuabsl pBR322 Ha kieTky B
Nomyasuu  OakTepuil HpU KynbTHBHpoBaHMM B xemoctare (D =0.1 qac™) sBistercs
HEGONBIINM, 4 B MHOKYIATHOH KynbType (D =1.5—-2 uac’) MOBBIIICHHBIM, TO 3TO MOMKET
OOBSICHUTh CHWXKEHHME CpelHed KomumiHOocTH miasmuael  pBR322 B momymsuuun
PEKOMOMHAHTHOTO IITaMMa MpU JUIUTEILHOM KYJIbTHUBHUPOBAHUHU B XemocTare, kak (Jones et
al., 1980) u naGmromanmu (cMm. puc. 7). Takoe CHIKEHHE MOXKET OBITh CBSI3aHO KaK CO
CHI)KEHHE CpEIHEro pa3Mmepa OaKTepHaJbHBIX KIETOK IPU HU3BKUX CKOPOCTSIX pocTa
(Akerlund et al.,, 1995; Churchward et al., 1982), Tak U Cc yCWICHHEM TpPAHCKPHUIIMH
uHruouTOpHOM MoJsekynsl RNAI mpu yBenumuennn Bpemenn reneparuu (Atlung et al., 1999;
Lin-Chao & Bremer, 1986; Lin-Chao & Bremer, 1987). YuutsiBast 3TOT (hakT u mpeamoiaras

HEJTMHEHHYIO CBSI3b MEXAY YACTbHOW CKOPOCTBIO pOCTa MOMYJSLUH IUIA3MHIHECYIINX
0aKTepuil U KOMUHHOCTBIO B KJIETKAX y(x) ~1- fx™, c MOMOIIBIO MAaTEMAaTHUYECKOW MOJIEIN

(1) MBI mompITaNMCh OMMCATh NWHAMUKY CHM)KEHUS CpeJHEH KONMUIHHOCTH U YMEHBIICHHUS
bpakuu TUIa3MHICOACPKAIIMX KIETOK B TOMYNAIHMA OaKTePHATLHOTO ITaMMa TIpH
JUTUTEIIPHOM KYJbTHBHPOBAHHH B XeMOCTaTe Ha OCHOBE JaHHBIX (Jones et al., 1980).

Kak, Bnpouem, Mbl u oxuganu (cMm. puc. 7), MaTemaruueckas mojenb (1) mocrarodno
TOYHO ONKMCHIBAET M3MEHEHHE CpEeAHEro 4yucia Komui rmiasMuabl pBR322 B momynsamuu
TUTa3MUACOACpKAIMUX OakTepuil, Kak ¥ ObLIO MOJYYEeHO paHee C UCIOJIb30BaHUE PELICHUS
(20) npuGIIKeHHOIT HenpepbIBHOM MozenH (8) (eM. puc. 3)%.

Bonee Toro, nuHamuveckas 3aMeHa MCXOJHO TOMOT€HHOTO IUIA3MUTHECYIIETO MITaMMa
(Wi CMEIIaHHOW TOMYJISIIUU “‘TUTa3MUTHBIX-0€CIIIIa3MHUIHBIX KJIETOK) Ha OeCIiia3MUIHBIN
BapHAHT TAKXKe MPOUCXOIUT JOCTATOUYHO OJIU3KO K TUHAMUKE, PECKA3BIBAEMON YHCICHHBIM
pemenueM Mozenu (1, 8). OTMeTnM, YTO MBI TaK U HE CMOTJIM IOCTHYb TOTO e pe3ynbTara ¢
nomo1kio moaens JleBuna-Crroapta (puc. 7, kpuas 20) 1o npuyuHaM, 0ObSICHEHHBIM BBILIIE.
MBI Takke HalllIM MHTPUTYIOIIUM, YTO HanboJjee mpapaonoao0Has perpeccust moaenu (1)
nanHeiM (Jones et al., 1980) ocymectBiusercs mpu m >1, 4TO B NPUHIUIE O3HAYAET
HEJIMHEHHYIO 3aBHCHUMOCTh  “CTOMMOCTH’ — IUIa3MHUIBI  (CENEKTUBHOrO KO3 UIMEeHTa
PEKOMOMHAHTHOTO LITaMMa) OT KOMUHHOCTU OaKTepHAIbHBIX KJIETOK. DTOT pe3ysIbTaT TakkKe
ClleflyeT U3 CIEAYIOIIEH ILEeMOYKH NPOCThIX paccykaeHui. CeneKTUBHBIM KO3 (UIHMEHT

MPOIMOPLKOHAJIEH TAaHT€HCY yIJIa HAaKJIOHA KPUBOW z B JIOTapU(PMHUUECKHX KOOpAUHATAX MPHU

2 Ormmune mapamerpa 7(7=0.03 Ha puc. 2 BMecto 7=0.025 Ha puc. 7), cBszaHo ¢ (akrom, uto perpeccus (17)
ObLIa MCTIONTb30BaHa B pubmmkennu F=0 (cM. puc. 2).
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z>>1, tme z=p-—/p+ - OTHOUIEHWE KOHUEHTPALMH OCCIUIA3MUIHBIX KIETOK K
KOHIIEHTPALUU TUIa3MUJIcoep)kanmx kietok (bpumnbkoB u np., 1990, B mpuUTrOTOBICHUN).
OneHka cenekTUBHOrO KodduiueHTa B Hayajle U KOHIE KyJIbTUBHPOBAHUS JIaeT

COOTBETCTBEHHO 3HaueHust ¢, ~ 0.68 u a, ~ 0.09 (c usmeHenueM «,/a, ~8). CpaBHeHHEe
M3MCHEHHsI ~ OTHOCHTENBHOM  cpeiHeil  komuifHoctH (X, /x,)  JaeT  OTHOLICHHE

npubiu3uTenbHo paBHoe 5 (cM. puc.70). Takum o0Opa3om, CHMKEHHE KONMIHOCTH B 5 pa3
NPUBOJUT K CHIDKCHUIO CEJIEKTHBHOTO IPEHMYIIECTBa B & pa3, CIeIoBaTeNbHO, T.K.

X,/X, #a,/a, , 3aBUCHMOCTb CEJEKTUBHOrO KO3(Q(ULUHMEHTa OT KOMMHHOCTH HOIKHA ObITh

HEJIMHEMHON, YTO M COOTBETCTBYET MOJYYEHHOMY C IMOMONIBIO MaTeMaTHYECKOW MOAEIH
BeiBOAYy (m ~1.4). Cymmupys, Mbl 3aKjiro4aeMm, YTO MaTeMmaruueckas wMojuenb (1)
JCCTBUTENILHO MOATBEPXKIACT, 4YTO (PAKT CHIDKEHUS CEJIEKTHBHOTO IPEHMYIIECTBA
Oecria3MUIHBIX KJIETOK MPU JITUTEIBHOM KYJIbTUBUPOBAHUUM PEKOMOMHAHTHBIX IITAMMOB B
XEeMOCTaTe €CTh MPSIMOE CIIEICTBUE YMEHBIICHUS CPETHET0 KOJIMUECTBA KOMUH MIa3Muabl (Ha

KJIETKY) B TOIYJIALINA MUKPOOPTaHHU3MOB.

OBCYXKAEHUE PE3YJIbTATOB U BBIBO/IbI.

[Tonxon K MOJIETMPOBAHUIO JMHAMUKHM YHUCICHHOCTH OHOJOTMYECKUX MOMYJSALUMI,
OCHOBAHHBIM Ha pacHpe/IeICHHbIX MOJAENAX U YPABHEHUU HEMPEPHIBHOCTH, HENIb3s MPU3HATH
HOBBIM, TaK KaK OH HCIIOJb30BAJCA pAHEE PAIOM HCCIAEAOBATENEeH Il ONUCAHUsA
pacrpesesieHrdsi OpraHu3MOB 110 HEKOTOPBIM MPU3HAKaM, HalpUMep, BO3pacTy WIH pazMepam
(CBupexen, 1978; IlomyskrtoB, 1974; CrenanoBa, 1980; CupexeB u Ilacexos, 1974).
OpHako TmMOAXOA, TMPEAJIOKEHHBI B HAcTosAlled paboTe ©W OCHOBaHHAasT Ha HEM
MaTeMaTU4YecKasi MOJIEJb, IO3BOJISIOT OMUCHIBATH MOMYNISIIMOHHYIO TMHAMUKY HECTaOMIIbHbBIX
MJ1a3MHJI MHOTOKOTTUHHBIX MHOTOIUIA3MUHBIX ITAMMOB MHUKPOOPTAaHU3MOB, B TOM YHUCIE C
Y4ETOM HECOBMECTUMOCTH pa3IUYHbIX IJIa3MUJ B OJHOM KIJIETKE, 4YTO paHee He ObuIo
paccMOTpeHo (CM., HanpuMep, paboThl B 3TOM HalpaBieHUn: ATIOHUH U Ap, 1984; AnoHnHa u
1p, 1984; Anionnn n Anonuna, 1996; Mongold, 1992).

B pesynpraTe aHanm3a ympouieHHOW MOJENH pocTa IUIa3MHUACOAEpKAmuX OakTepuil B
npUOIMKEHUH CTAallMOHAPHOTO pOCTa HaMHU OBbUTM TMOJYYEHBI HEKOTOpPbIE OpUTHHAIbHBIE
pe3yabTarel. Bo-nepBbIX, HAWAEHO, YTO CHIKEHUE CPEIHETO YKCIIAa KOMUM IUIa3MHUIbI B

HOMYJISLUN MHUKPOOPTraHU3MOB npu CMEHe YCIIOBUI KYJIbTUBHPOBAHUS
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(meproiMKa—>XeMOCTaT)  SBJISCTCS  OKCIOHCHIMAIBHBIM, IPUYEM  CKOPOCTh  JTOTO
YMEHBIIEHUS OTIUYACTCS OT MpecKa3biBaeMoro mnpoctoit Mozenbio (Paulsson et al, 1998).

Bo-BTOpBIX, MOJIENh MPEACKa3bIBACT, UYTO “CTOMMOCTH TuiazMuasl (f >0) Bemer xk Oosee

OBICTPON SIUMHUHAIIMK TUIA3MUIHECYIIUX KIETOK, COXpaHss MpU DITOM OJH30CTh K
SKCIIOHEHIIMAIbHOMY 3aKOHY. B-TpeTbux, pa3dpaboTaHHas MOJEIb MO3BOJIMIIA BBECTH HOBYIO
XapaKTePUCTUKY HECTAOUIBHBIX PEKOMOMHAHTHBIX IITAMMOB — BPEMS MOJYdJIUMUHAIIIN
IUIa3MUJ] U3 XEMOCTaTa, ONpEeNeNseMOe BpEMEHEM TIeHEepallMd B XEMOCTaTe, CKOPOCTHIO
MOTEPH TUTa3MUJI MPU JACIICHUU U MaKCUMaTbHBIM 3HAUEHUEM CEJICKTHBHOTO MPEUMYIIECTBA
Oecrura3sMuIHBIX KJIeTOK. M mocnennee, BiepBbie TEOPETUUECKH 00BICHEH dP(HEKT CHUIKEHUS
CCJICKTHBHOTO JABIICHUS Ha MOMYJISIIIMI0 MHOTOKOIMHHOTO T€HHOMH)KEHEPHOTO IITaMMa,
CBSI3aHHBI CO CHMXEHHEM CpEJHEro 4Yuciia KOMWUW IMia3MuIbl B KieTkax. bonee toro, Ha
npuMmepe naHHbix (Jones et al., 1980) mpoaeMOHCTpUPOBAHO, YTO YAEIbHAS CKOPOCTh POCTa
HOMYJISLIMU TUIa3MHUACOAEPKAIIUX MUKPOOPIaHU3MOB HEIMHEMHO 3aBUCUT OT YHMCIIa KOMHI
TUTa3MUJIBI B KJIETKaX.

Tem He MeHee, 4YacTHbBIE pEIICHUS HEMpPephIBHON Mojenu (8) ObUIM TOJYYEHBI C
UCIIOJIb30BaHUEM JIBYX CEPBE3HBIX OTpaHHYEHUN. Bo-mepBBIX, MBI MPEANONOKIINA, YTO B
Hayaje KyJbTUBUPOBAHUS (MJIM, YTO TO K€ CamMoe, B MHOKYJISTHOW KYNbType) BCE KIETKH
COJIepKaT JOCTAaTOYHO OOJBIIOE YKCIO KOMUH Tuiasmuabl. Eciom 310 mpuOnrkeHue He
BBITMOJIHAETCS (YTO BO3MOXKHO B ONPEAEIECHHBIX CUTYaIUsIX ), HEMPEePbIBHAS MOJEIb EPECTACT
paboTaTh, TaKk Kak B 3TOM CiIydae W3MEHEHHE OTHOCUTEIBHON KOMUHWHOCTH Ha OJHY KOTHIO
1/ N He sBiseTcsl MaJIbIM (4TO OBLIO MCTIOJIB30BAHO MPHU BHIBOJAE HEMPEPHIBHOM MOJIENH), H,
CJIEIOBATENbHO, HE HEMPephIBHAS, a JUCKpEeTHAs MoAelb (1) AomKkHa ObITh UCIIOJIb30BaHA [T
OTHMCAHUS TUHAMUKH PACTIPEICIICHHUS KJIIETOK C Pa3HOU KOMMMIMHOCTBIO U U3MEHEHHE CPEIHETO
yyclia Konuii Ha kieTKy. bosiee Toro, Hu3Kas HadalbHas CPEIHSS KOMUMHOCTH B MOMYJISIIUN
TUTA3MUICOACPKAIINX MHUKPOOPTAaHHU3MOB MOXKET MPUBECTH K OOPA30BAHHIO CYIIECTBEHHOM
bpakuu OGecryia3MUIHBIX KJIETOK, KOTOPble MOTYT KapJIWHAIbHO MU3MEHUTh MOCIEAYIOUIYIO
JUHAMUKY IUIa3MHJIHECYIEro mTamMMa (cM, Hampumep, Jones et al., 1980), u nunamuka
KOTOPBIX HE YYHUTHIBAC€TCS SIBHBIM oOpazom B mnpuOmmwkennn (13). Bo-Bropeix, mus
MOHUMAHUS ICCEHIIMHM JTMHAMUKH paclpeleNieHuss KIETOK C Pa3jNYHbIM YHUCIOM KOTHUH
IUIa3MUABl MBI TaK)Ke MpeHeOperiu KOHTPOJIEM KOMUWHOCTH IUIa3MUJIbI, OMHCHIBAEMBIi

byHKIHEH ﬂ(x). 310 NpUOIMKEHNE MOXKET OBITh 0OOCHOBAHO, €CIIM MBI MPEAIIOI0KUM, YTO

CTAIlMOHAPHOE 3HAYEHUE CpEeAHEH KOMMHHOCTH IUIa3MUJICOACPIKAIICTO ITaMMa TpH

AJIUTCIIBHOM KYJIBTUBHUPOBAHUU ABJISICTCA JOCTATOYHO HU3KOM. HpI/I6J'II/DKeHHOe YPaBHCHUC
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Ha CTallMOHAapHOE 3HAYEHUE CPEAHEN KOMWWHOCTH B HITOM CIIy4aeB BBIPAXKAETCA Kak
ﬂ(x)= TLX , U CIIEIOBATEIBHO, €clin X << 1, TO ﬂ(x) <<1~0, 9yTo ¥ OBUIO UCIIOJIL30BAHO B
moaenu (13).

[IpocTteiimmii aHaINM3 MOKAa3bIBAET, YTO MOIJIO OBl MPOU30MTH C AMHAMHUKOM CpelHEro
yuciaa KOMUM MW pacmpenelieHus KIETOK C pa3HOM KOMUHWHOCTBIO, €ciu OBl JBa
BBIIICYTIOMSIHYTHIX YCIIOBUSI HE OBbUTH OBl YJAOBIETBOPEHBI B KOHKPETHOW cuTyanuu. Ecmm

7, (x);t 0, TMHAMUKa HE MEHSeTCs CYIIECTBEHHO NpU Majbix [, XoTd npu [ ~1 nuHaMmuka

MO>KET OTIIUYATHCA OT TMpenckaspiBaeMoil pemeHusmu (17) u (20) u uzoOpakeHHOM Ha puc. 2
u 4. C aApyroit CTOPOHBI, y4€T KOHTPOJISI KOMUWHOCTH (/I(x) # () mpuBeAET K CHIXCHHIO

CKOPOCTHU YMCHBIICHHA CPCAHCTO YUCIIa KOIIMI Ha KJICTKY U3-3a PCIUIMKAIUU IUIa3MUI, H,
CJICOOBATCIIbHO, IIPU X = 0 MBI OXKHAa€M OTKIIOHCHHC CHHIXCHHA cpenHeﬁ KOIMMHUHOCTH OT
OKCIIOHCHIIMAJIbHOI'O 3aKOHA.

CHaATHE OrpaHMYEHUN ﬂ(x) ~0 u 7, (x) ~ (0 Taxxe MOBIUSAET HAa (JOPMY CTALMOHAPHBIX

pacripesieieHnid B Maremarudecko mojenu (8). B HECeNeKTHUBHBIX YCIIOBHsI, OHAKO,
J1asMu bl HCﬁCTBHTeHLHO HC MOT'YT NOAACPIKUBATHCA 6eCKOHC‘-IHO J0JI'0, 1 B KOHIIC-KOHIIOB
HAYaJbHBIA TIa3MUACOACPKAIIMNA [ITaMM 3aMEHsAeTCs OecIyIa3MUIHBIM BapHaHTOM, HO IO

IPUYMHE HEHYJIEBOU BEPOSITHOCTH 00pa30BaHMsl OSCIUIa3MUAHON KIETKH 7. B CENEKTUBHBIX

e yCJIOBUAX 00pa3oBaHME OECIUIa3MUIHBIX KIETOK HE SIBJISETCS BAXKHBIM M3-3a OTCYTCTBUS
pocTa TakUX KJIETOK B MPUCYTCTBUHU, HAIPUMEP, aHTUOMOTHUKA (MBI UCKITFOYAEM BO3MOXKHOCTb
paspyllleHHe BHEKJIETOYHOIO aHTUOMOTMKA  IUIA3MUJCOACP)KAIIMMHU  KJIETKaMH,  a,
CJIEZIOBAaTENbHO, BO3MOXHOCTh pocTa OecruiasMuAHbIX BapuaHToB). C Apyroil CTOPOHHI,

HAJMYHE HETaTHBHOTO KOHTpoys KomuitHoctH A(x)# 0 NpHBENeT K CeNeKIHH KIETOK C
KOMHUIHOCTBIO X, ompenensemoit B ypasmenmn A(X)=zu(X,S)¥ (se mokasamo),

COOTBETCTBEHHO, CTAI[MIOHAPHOE pacrpeneieHue OyIeT MPeICTaBIsATh COO0H CUMMETPHYHOE

pacnipezenenne ¢ x, =X B ommune (31) (He nokaszano). CTauMOHApHOE paclpeleleHue

(31) moxet HaOMIOATHCS A7 TUIA3MU]] C HAPYLUIEHHBIM MEXaHU3MOM KOHTPOJII KOMMHHOCTH
(Chiang & Bremer, 1991), xorga ompenesneHHas KOMMWHOCTD IUIA3MHUBI CENEKTHUPYETCS
CKOpee YpOBHEM aHTUOMOTHKA, a HE HETATUBHBIM KOHTPOJIEM PEIIUKALMY IIIa3MHI.

IIpn Bcex HCIONB30BaHHBIX OTpPaHUMYEHHUSAX MareMatuueckas wozaens (1, 6, 8)
NPEJCTABIsIET COBEPIIEHHO HOBBIH W OPUTMHAIBHBIA IMOAXOJ K MOJEIUPOBAHUIO

HOHy.]'IHI.IHOHHOﬁ JAUHAMHUKU TUIa3MHUJ MHUKPOOPTraHM3MOB, KOTOpasd ITIO3BOJIMJIIA HC TOJIBKO
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00BSICHUTL HaOmomaemble dDQexThl (Kak, Hampumep, CHUXEHUE CEJICKTUBHOTO
npeumMynIcCTBa 6€CHJ'Ia3MI/IHHLIX KJICTOK TIpHU AJIUTCIIbHOM KYJILTUBHPOBAHUU B XeMOCTaTC),
HO W TIpEACKa3aTh psi HOBBIX (Kak, HAlpUMeEp, BpeMs MOy IIMMUHAIMK TUTa3MHJ W3

XEMOCTaTa).
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[lopnucu k pucynkam k crarbe ['anycosa B.B. ¢ coaBropamu “Pacnpenenennas monenb
MOMYJISIIMOHHON TUHAMHUKH OaKTepHaNbHBIX Ta3Mua’// MareMatndeckoe MoJIeTupOBaHHE,

1999.

Puc. 1. IIpocreiias penpe3eHTanus IpoLUeccoB, BOBIEUYEHHBIX B MONYISLMOHHYIO TUHAMUKY
KJIETOK C pa3JIMYHON KOMMHHOCTBIO. A, - CKOPOCTh PEIUIMKALUY IU1a3MuU] (M3-32 HETaTUBHOIO
KOHTpOJIL KONMUHHOCTH), 7, - MapaMeTp, XapaKTEePU3YIOLIUH CKOpPOCTb ‘“‘pazbaBicHUs”
IUIa3MUJ] TIPU JIeJIEHUE (C YYETOM CryyatiHo20 PACHpeAeeHUs IIIa3MUA MEXAY A0YEPHUMU

KJIETKaMH), 7, (1) - BEPOSITHOCTb 00pa30BaHUs OECIUIa3MUIHON KJIETKU MPU JIEJICHUN KJIETKU

C I KONUAMM MJIa3MHbL, L, - YAETIbHAs CKOPOCTh POCTA MOMYJISALUH ¢ KOMMHHOCTBIO .

Puc. 2. [luHamuka pacnpefeneHus KIE€TOK MO KOJWYECTBY KOMUM IUIa3MUIIbl B
XeMocTare B INpUOJNMKEHUM CTaluoHapHOro pocra. HempepsiBHas mauHus - u =1,
mrpuxoBaHas - u_=1- fx. Ilapamerpsl mogemu: v=pu_=1, =0.01, a=0.1, f=0.1.

Pacnpenenenus: 1- nauansnoe, 2- npu 50 ¢, 3- mpu 100 ¢.

Puc. 3. Jlunamuka cpenHero uucia konuil rasmuasl pBR322 (pom0, Jones et al.,
1980) u pAT153 (Tpeyronsauk, Brownlie et al., 1990) npu HenmpepbIBHOM KYJIbTUBUPOBAHUU
B XEMOCTAaTe€ IpH CKOPOCTH IPOTOKAa COOTBETCTBEHHO D=0.25 qac' u D=0.15 wac™.
HenpeprsiBHBIC TUHUH MTOJTYYEHBI B COOTBETCTBUU ¢ Mpeacka3zanueM pemeHus (17). CkopocTb
noTepu Iuia3mMua Obiia oneHeHa kak 7 ~ 0.03 u 7 ~ 0.09 Ha reHepario COOTBETCTBEHHO IS

pBR322 u pAT153.

Puc. 4. 3menenue cpenHell KOMMHHOCTU B MOMYJSALUU IUIa3MUACOAEPKAILNUX KIETOK
NpU KyIbTHBAHMM B XeMocTaTe mo mozenu mpu 7 =107, 1- f=0.1, 2- f=0.5. Touku

pacuuTaHbl B COOTBETCTBMM C BblpakeHHeM (20), HempepbIBHBIC JIMHUM OMHCHIBAIOT

AKCMOHEHIIUALHYIO PETPECCHIO.

Puc. 5. CHWXeHrEe MOJIHOTO YHuCia KOMUM IUIa3MUIbl B TOMYJISIIIMA B XE€MOCTaTe B

HECENIEKTHBHBIX YCIOBHSAX TIPH Pa3HOM MaKCHMAJILHOM uKcle Komuii B kietke N (7 =1077). 1
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-N=150,2-N=30,3-N=10. Crpenkoil OTMEYEHO BpeMs MOJyTMMUHAIMYU 1uia3mu. [1o

OoCH OpArHAT - 061_1_186 KOJIMYCCTBO IIa3MU B ITOMYJIAITUN 6aKTepHI>'I B YCJIOBHBIX CAWMHUIAX.

Puc. 6. CrauunonapHoe pacrpezesieHue KJIETOK MO KOMMM IUIa3MHUAbl B XEMOCTaTe B
CEJICKTUBHBIX IS TIOAJEpX aHUs Mua3Mui yciaoBusx (pacuer mo ¢opmyne (31)). 1 - C =

2-10°, u, ~v, 7=10", K=1;2-C=0.105, 4, ~v, 7= 10", K=3

Puc. 7. CHmwKeHHME CEJIEKTHMBHOTO MpPEUMYIIECTBA OECIIa3MHUIHBIX BapHAHTOB
miasmuacoaepxkamero  (pBR322)  pekoMOumHaHTHOTO  mTamMMa TPH  JUTUTEIBHOM
KyJIbTUBUPOBaHUM B HECEJIEKTUBHBIX YCIOBUSAX B XemocTaTe (pacueTsl o Mozaenu (1)). A. 1 -
pe3yibTaT KOHKYpEeHIUH Oeclla3MUJHOTO BapuhaHTa M HUCXOAHOIO PEKOMOMHAHTHOTO
HmITaMMa I[pU 4MCcIe KONMUM MIa3MuAbl B KIETKax #=35 B Hauale KyJIbTUBUpOBaHUA. B
HavdaJIbHBIA MOMEHT BpeMeHu noOaBieHo 0.01% Oecruia3sMuaHBIX W30TE€HHBIX KIIETOK; 2a -
3aMEIIeHUE HCXOAHOTO IITaMMa OecIUIa3MHIHBIM  BapHaHTOM MpPHU  JAIUTEIHHOM
KyITbTUBUPOBaHUU 110 Mozaenu (1), 26 - To xe mo mozaenu JleBuna-Ctroapra. b. M3menenue

CpeIIHeFO qucia KOHHI’I I1asMuabl B HOHyﬂHHI/H/I HJIaSMI/I,Z[COI[ep)KaI_ueFO mTamMma. BO BCEX
pacuerax momaranock: u =(1- B(i/n)")-S/(1+S), m=14, z = 25.10%, D= 0.25 uac’,
A =1pkyiexp(-i/K), K=0.56, pk, =2.5 uac”, f=0.67. ToUKH - KCIIEPHMEHTATbHEIC

nannbie u3 (Jones et al., 1980).
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I'anycoB B.B., bpunskoB A.B., Ileuypkun H.C. Pacnpenenennas wmojaenb
MOMYJIAIIMOHHOW JUHAMHUKN OaKTepUaNbHBIX IUIa3MUI. //MareMaTudeckoe MOJEIHUpPOBAHUE,

2000.

B pabore pa3paborana HOBasg MareMaTHdeckass MOJEJb, OINUCHIBAIOUIAs JUHAMHKY
pacrpenienieHust KIeTOK MUKPOOHOM MOMMSIUK ¢ Pa3TUYHBIM YHCIOM KOMUHN IUIa3MUJ] PH
HENpPEepPHIBHOM KYJIbTHUBHUPOBAHUU B XeMocTare. B mpuOmmkeHuu CTalMOHApHOTO pocTa B
HENIPEPBIBHOW KYJBTYPE MOJIYYEHO, YTO CHUIKEHHE CPEIHENM KONMUHUHOCTA B MOMYJALUU
OakTepuil SBISETCS OKCIOHCHIIMAIBHBIM, MPUYEM HEHYJIECBas ‘‘CTOMMOCTH IIJIA3MHJIbI
IOPUBOAUT K OONBLICH CKOPOCTH AIIMMHUHALIMK IIa3MHUJA (TOXKE HSKCHOHEHIManbHOW). Ha
OCHOBE MOJEIIM MPEIJIOKEHA HOBas XapaKTEPUCTUKA NOMYISLIUOHHON yCTOWYUBOCTH
PEKOMOMHAHTHBIX IITAMMOB MHKPOOPTaHM3MOB — BpeMs MOJIYJIMMUHAIMKA IIJIa3MH,
ONpEeNEsieMOE BpPEMEHEM TIE€HEpPAllMHM, CKOPOCTBIO IOTEPU IUIA3MHUJ U CEJIIEKTUBHBIM
ko3 duurenToM. BrepBeie 00bsicHeH 3(P(EKT CHIKEHUS CEIEKTHBHOTO MPEUMYILECTBa
Oecria3MUIHBIX KJIETOK MPHU JUIUTEIHHOM KYJIbTUBIMPOBAHUU PEKOMOMHAHTHOTO IITaMMa B
XEMOCTaTe, CBA3aHHOIO II0 MOJEIM CO CHUXKCHHUEM CPEIHEro 4UCia KONMM IUIasMUIbl B

MUKPOOHOM MOIMYJISIUH.
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SPATIAL MODEL OF POPULATION DYNAMICS OF BACTERIAL PLASMIDS

Vitaly V. Ganusov', Anatoly V. Brilkov?, Nicolay S. Pechurkin®
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We suggest a new mathematical model of population dynamics of bacterial plasmids
which accounts for the presence of several plasmid copies in a particular cell. We found
that a decrease of the average number of plasmids in the population of bacteria is expo-
nential with a rate that is lower than predicted by previous models. We developed model
based characteristic that is a time of elimination of plasmids from the chemostat culture.
The time is defined by the generation time in chemostat, the rate of plasmid loss and
selection coefficient (“cost” of the plasmid). Model allowed us to explain the effect of
decreasing the selection coefficient during prolonged cultivation of recombinant bacte-
ria in chemostat connected (in the model) to the declining the average plasmid copy

number in the microbe population.
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